ceptors are primarily trafficked to lysosomes whereas others such as the transferrin receptor are recycled back to the plasma membrane. Regulatory molecules that mediate this trafficking decision might be expected to interact with cargo proteins, membrane phospholipids, 
1999). Although wortmannin does inhibit Hrs mem-
The model has good geometry (Table 1) , and 99.5% of the backbone dihedral angles are in the most favored brane localization, the endosomal location of Hrs lacking the FYVE domain suggests that interactions with other or allowed regions. The three-dimensional structure of the VHS and FYVE PI(3)P-binding proteins mediate its localization (Komada and Soriano, 1999). Thus, the FYVE domain is required tandem domains is illustrated in Figure 1A . Both domains are aligned to form a pyramid-like structure with for membrane localization in some but not all FYVEcontaining proteins, making it likely that this domain the much larger VHS domain forming a rectangular base (45 Å ϫ 35 Å ) with a thickness of about 1/3 of the pyramid plays other roles as well.
As a first step in understanding the function of Hrs at altitude ‫06ف(‬ Å ) and the FYVE domain occupying the apical end. Following termination of the VHS domain at the atomic level, we have determined the crystal structure of the N-terminal 219 amino acids of Drosophila Asp-153, which is salt linked to Lys-71, the polypeptide chain turns sharply into an N-terminal segment of the melanogaster Hrs containing the VHS and FYVE domains. This report describes a prototypic structure for FYVE domain. The VHS domain has a long C-terminal segment which, together with the N-terminal segment the VHS domain that is conserved in over 20 proteins. Moreover, although the structure of the Hrs FYVE doof the FYVE domain, could serve as a flexible tether between the two domains. As will be discussed below, main is very similar to that recently reported for Vps27p (Misra and Hurley, 1999) , our data suggest a significantly the tandem domain unit associates into a homodimer, and this association may provide high specificity and different model for binding of the FYVE domain to PI(3)P and membranes.
affinity of ligand binding. Figures 1A and 1B) . The ␣2 helix of the VHS domain contains three extremely conserved strand of the FYVE domain from the symmetry-related Our structural data have further uncovered two neighever, our crystal structure has revealed the formation of boring identical pockets formed between two symmea homodimer mainly by way of the antiparallel associatry-related FYVE domains ( Figures 1B, 4A , and 4B). Each tion between two FYVE domains ( Figures 1B, 4A , and pocket is lined mainly by residues from the ␤1 strand 4B). This homodimer is related by a crystallographic of one FYVE domain, which contains several basic resi-2-fold axis, and this association buries a total of 1920 dues of the conserved 176RKHHCR motif and the ␤4 Å 2 accessible surface area. The largest area of contact strand of the symmetry-related FYVE domain, which between the monomers involves mainly residues from contains hydrophobic residues (Figures 1 and 5A ). This a region of the FYVE domain that includes the long pocket is ideally suited for binding ligands with multiple N-terminal segment and the strands of the two antiparalnegative charges such as citrate ( Figure 5A ), an essential lel ␤ sheets. An important dimeric interaction is the hycomponent in crystallization of the tandem domains. drophobic edge-on contact between two Trp-158 residues flanked by two His-179 residues ( Figure 5A ). This
The area encompassing the two neighboring pockets Figure 4A ). The C1 carboxylate, which is partially exposed and hydrated by three orand Membrane Interaction The bound citrate has seriously hampered our investigadered surface water molecules, occupies the pocket opening, and the C5 carboxylate occupies the pocket tion of the binding of PI(3)P analogs to tandem domain crystals. Nonetheless, the mode of binding of citrate bottom ( Figures 1B, 4A, 5A, and 5B) .
Second, the citrate is engaged in an extensive network to the FYVE dimer provides an excellent paradigm for modeling a bound PI(3)P headgroup ( Figure 5C ). The of charge-coupling and hydrogen-bonding interactions mostly with the positively charged residues of the concitrate's C1 and C5 carboxylate oxygens (separated by ‫7ف‬ Å ) are homologous to the 1-and 3-phosphates, reserved motif ( Figure 5B ligand specificity. Furthermore, some of the nonpolar small pocket of conserved basic residues was modeled on the basis of a monomeric Vps27p FYVE structure. CH groups protruding from the inositol ring interface with the hydrophobic sidechains from the symmetryThe modeling further relied on the observation that the pocket is occupied by two carboxylate sidechains of related molecule identified in citrate binding (Figures 5A  and 5C ). The residues of the FYVE domain of EEA1 Asp and Glu residues from a lattice-related molecule. The locations of the Asp and Glu carboxylates, sepaequivalent to these hydrophobic residues of Hrs, as well as the polar residues in the binding site ( Figures 5A, 5B , rated by about 9 Å , were assumed to be the sites for binding of the 3-and 1-phosphate groups, respectively, and 5C), have been shown by NMR analysis to undergo chemical shifts upon binding of PI (3 The difference between the two proposed PI(3)Pment in interdomain and dimeric interactions strongly suggest that the VHS domain functions as a multipurbinding modes leads to two completely different models for membrane-targeting of the FYVE domain. In our pose docking adapter. Furthermore, the finding of the dimeric form of the FYVE domain and its complex with model shown in Figure 6 , the extended tandem domain dimeric structure lies in a horizontal direction with recitrate provide an excellent paradigm for PI(3)P recognition. Based on these results, we have proposed a model spect to the membrane surface. In addition to the association between FYVE and the phosphoinositol 3-phosfor PI(3)P binding and membrane interaction of the tandem domains. Finally, the structure of the tandem dophate headgroup of the membranes ( Figures 5C and 6 
Protein Data Bank ID Code
Atomic coordinates have been deposited with the ID code 1DVP.
